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INTRODUCTION 
The phenomenon of suction gas heating in hermetic refrigerating compressors is very well recognized. In fact, sometimes it is even utilized to the advantage of the 
compressor; for instance, in superheating the suction gas to avoid any "liquid 
slugging" in the compressor cylinder, and in cooling the motor windings. However, it has also been observed that the refriger-
ant mass flow rate decreases as the temp-
erature of the suction gas increases, thereby reducing its mass density [2,3,4, 6] (by suction gas, here, we mean the 
refrigerant gas before it enters the com-pressor cylinder). The energy requirements of the compressor to maintain the same 
mass flow rate will also increase with increase in suction gas temperature [6). This change in mass flow or energy require-ments has generally been obtained either 
experimentally or using a pressure-
enthalpy diagram provided the rise in temperature is known [3,6]. In this tech-nical note, a simple thermodynamic rela-tionship will be shown that will give us the change in mass flow rate and energy 
requirements if the heat transfer to the suction gas is known. For design esti-
mation of the performance of a compressor, this relationship might be valuable if, through a simplified heat transfer model of the compressor shell, an approximate rela-tionship for heat transfer to the suction gas can be established [see also reference 8 J. 
HEAT TRANSFER TO SUCTION GAS 
From the time the refrigerant enters the compressor shell until the time it enters the compressor cylinder, it undergoes temperature changes due to heat transfer from several sources. This also depends on the system being a low-side or high-side 
one. A low-side system is one where in-coming refrigerant is open to the shell 
atmosphere and is thus exposed to heat transfer from all sources inside the shell. 
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A high-side system is one where incoming gas is fed to the cylinder directly through a suction tube and is therefore exposed only to the suction tube, suction manifold and suction valves. The purpose of this note is not to go into a detailed heat transfer model of the compressor for which reader should refer to references [ 4, 5, 9]. The purpose here is to show how a particular aspect of it (oamely, heat transfer to suction gas) affects the com-pressor performance and how to take it in-to account in estimating the performance 
analytically. 
EFFECT ON MASS FLOW 
As we mentioned earlier, the sources of heat transfer to suction gas vary accord-ing to the design and type of the compres-sor. Let us suppose for this analysis, however, that the average heat transfer 
rate to the suction gas (Qsl is known to us. During the passage of the gas from the shell inlet to the cylinder inlet, there is a slight pressure drop also in-
volved along with heat transfer. For the present analysis, however, we shall assume that this pressure drop is negligible and, therefore, the heat transfer takes place at constant pressure (i.e., at suction pressure Psl· Other assumptions are: (1) the suction gas behaves as an ideal gas and (2) the polytropic coefficient of 
expansion (n) remains constant, thereby 
making the net cylinder displacement (Vnetl constant (Fig. 1). Then, first law of thermodynamics gives: 
Q = C ~(T -T ) s p c s (1) 
where Cp is the specific heat of.refriger-ant vapor at constant pressure, m is the 
average mass flow rate, and Tc and Ts are the temperatures of the gas at the inlet to the cylinder and the inlet to the shell respectively. But, 
P P., V N 
(RTC )V tN_!' (-"' )~ (2) 
c ne 60 RTC 60 
Eliminating Tc from (1) and (2), we get: 
Q = cP~ ( PsVnetN - T ) s 60fuR s (3) 
or 
.• 
P V N Qs s net 
m 60RT CT' (4) 
s p s 
The first term on the right hand side of 
the equation (4} can be easily recognized 
as the ideal mass flow rate had there been 
no suction gas heating since the quantity 
(Ps/RTs) is actually the density Ps at the 
shell inlet conditions. The second term 
is the loss in the mass flow rate due to 
suction gas heating (msHL>· or, 
0s Qs(y-l) 
mSHL = CT = yRT <5 > p s s 
where y is the specific heat ratio of the 
suction gas. Thus, for q given suction 
gas heat transfer rate, Qs, the mass flow 
rate loss, msHL can be calculated, since 
Ts, the temperature at the inlet to the 
shell, is known. 
p 
Fig. 1: Theoretical P-V diagram 
of a compressor 
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EFFECT ON ENERGY REQUIREMENTS 
Referring to the theoretical P-V diagram 
of a compressor, shown in Fig. 1, the 
indicated compressor work required per 
cycle is given by the area of the P-V dia-
gram and the corresponding formula as 
given in any standard textbook [2] is: 
P n-1 
w = PsVnet[n~l{(Pd)n- l}] (6) 
s 
Since Ps and Pd are controlled by valve 
design (for self-acting valves), they are 
constant. Vnet will depend upon the 
clearance volume Vc and the coefficient of 
polytropic expansion n. Ideally, n should 
remain constant. In actual practice, how-
ever, the increase in the temperature of 
the suction gas entering the cylinder will 
affect the heat transfer to and from the 
cylinder walls and hence will change the 
value of n. This, in turn, will change 
Vnet· But, these changes will be so small 
(because of the high speed of the compres-
sor) that it is reasonable to assume that 
n and, therefore, Vnet remain constant. 
Then, relationship (6) indicates that the 
work per cycle, W, remains constant. 
Thus~ there is no change in the power 
requ~rements of the compressor. However 
sinc7 the total mass flow rate is reduced, 
as g~ven by Equation 5, the energy 
required per unit mass pumped will in-
crease. Thus, the overall performance of 
the compressor will suffer as a result of 
suction gas heating. 
EXAMPLE: Estimate of suction Gas Heating 
as Function of Motor Loss 
Since motor loss is one of the main con-
tributors of the heat generated inside a 
compressor, it is interesting to see how 
it affects the ~uction gas heating. 
Letting.Qm and Or denote the rate of heat 
generat~on by motor and the remaining com-
ponents of the compressor respectively, we 
can write: 
Total heat generation rate, 
0T = 0m + 1\ (7) 
A fraction of QT (say kQT), where k is less 
than 1, goes to heat the suction gas. 
Often times we are interested in knowing 
how a change in the efficiency of the 
motor will affect the suction gas heating. 
To do this, let us consider two different 
motors with respective motor losses Om 1 
and Om2 and the correspondipg heat trans-
f~r to suction gas Q5 1 ~nd Os 2 respec-
t~vely. Assuming that Q remains the same 
in both cases as we are aonsidering the 
same compressor, and the same fraction of 
total heat transfer goes to suction gas in 
both the cases (i.e., k is constant), 
which does not seem to be too unreasonable, 
we can write: 
QSl kQTt k(Qmt+Qr) 
QS2 kQTa k(Qma+Qr) 
Equations (8) and (9) can be solved to 
give the following relationship: 
where 
or 
. Q ::: 
sa 
a+b 
c ::: l+b 
Q 
















Relationship (14) gives us the heat trans-
fer rate to suction gas when motor No. 1 
is replaced by motor No. 2, provided the 
losses of both the motors are known and 
tQe remaining losses within the compressor (Q ) are also known. For example, for a 
tyJical compressor the following results 
were obtained: 
Q 
ml 580 [Watts] 
Q 
rl 250 [Watts] 
0
m2 700 [Watts] 
0r2 250 [Watts] 
We notice that Or- and Or are almost the 
same in both cases and therefore agree with 




Q = 1·14Q 
s2 s1 
Thus, we find that, with the assumptions as 
mentioned earlier, for a 20% increase in 
motor loss we get an increase of 14% in 
suction gas heating in this case. since 
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the reduction in mass flow rate is pro-
portional to suction gas heat transfer 
(see Equation 5), we deduce that in this 
particular case the loss in mass flow rate 
will be approximately 14% for a 20% in-
crease in motor losses. The result is 
quite interesting. 
CLOSURE 
In this technical note, the importance of 
suction gas heating on mass flow rate and 
also work per unit mass delivered was 
pointed out. An example was given to 
illustrate in an approximate way this in-
fluence. 
NOMENCLATURE 





b Ratio of rest of the losses to motor 




Suction gas heat transfer ratio 
(Qs/0sl) 




















Mass flow rate [kg/sec] 
Loss in mass flow rate due to suction 
gas heating [kg/sec] 
Polytropic coefficient of expansion 
and compression 
RPM of the motor 
Pressure at the inlet to the cylinder [N/m 2 ] 
Discharge pressure [N/m2 ] 
Suction pressure [N/m 2 ] 
Motor loss [Watts] 
Loss in motor No. 1 [Watts] 
Loss in motor No. 2 [Watts] 
Remaining compressor losses [Watts] 
Remaining compressor losses in first 
case [Watts] 
Remaining compressor losses in 
second case [Watts] 
Heat transfer rate to suction gas [Watts] 
Heat transfer rate to suction gas in 











Heat transfer rate to suction gas in 
second case [Watts] 
Total compressor loss [Watts] 
Total compressor loss in first case 
[Watts] 
Total compressor loss in second case 
[Watts] 
0 Gas constant [Nm/kg- K] 
Temperature of the gas at the inlet 
to the cylinder [° K] 
Temperature of0 the gas at the inlet to the shell [ K] 
Clearance volume [m 5 ) 
Net effective cylinder displacement 
[rna] 
Indicated compressor work per cycle 
[Nm] 
Mass density of gas at the inlet to 
the cylinder [kg/m'J 
Mass density of the gas of the inlet 
to the shell [kg/m3 ] 
Ratio of specific heats of the 
suction gas 
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